INTRODUCTION
Magnolia biondii Pamp., which belongs to the Magnoliaceae family, is distributed in the Hubei, Henan, Shaanxi, Gansu, and Sichuan provinces of P.R. China. M. biondii is the predominant species 80 of the traditional Chinese medicine Xin-yi , which possesses anti-allergy 1, 2 , anti-inflammatory 3 , anti-angiogenesis 4 , anti-platelet aggregation 5 , antibacterial 6 and anti-oxidation activities 7, 8 . The volatile oils of M. biondii flower bud are the principal active ingredients and have significant anti-inflammatory 9, 10 and antibacterial effects 11 .
Oil cells belonging to internal secretory structures are the main sites for the synthesis and accumulation of the volatile oils in M. biondii 12, 13 . The growth stages of M.
tile oil yield and chemical composition at different growth stages and also assessed the correlations between oil cell developmental characteristics and volatile oil yields. The current study provides valuable reference and scientific data for evaluating the medicinal value and improving the clinical efficacy of M. biondii flowers. 
EXPERIMENTAL PROCEDURES

External morphological observation
The total length of the flower buds was measured for external morphology. We randomly selected 20 flower buds for each sampling phase and used Vernier calipers to measure their length, which was presented as the mean value cm .
Sample preparation
Fresh flower buds were randomly collected from M. biondii plants for each sample. Samples were washed in tap water and left to dry in the shade at room temperature for 30 days. The dried samples were ground into powder 60 mesh and stored in a drying oven until further analysis.
Measurement of ower bud dry weight
Fifty dry buds from M. biondii were randomly collected and weighed using an electronic balance. Weights were convert to mean values g/n .
Statistical analysis of oil cell density
All samples were dissociated using a modified version of the tissue-clearing method 16 . Each floral organ was placed into a 1-8 sodium hydroxide solution, incubated at 60 for 2-10 days, and then washed with distilled water. Next, the specimens were fixed in hydrogen dioxide solution for 5-10 min to remove their color and then washed with distilled water. The samples were subsequently stripped from the lower epidermis and observed on a microscope Leica DMLB20, Germany . Oil cell density was examined and digitally recorded. The density n/mm 2 and diameter lm of the oil cells were measured and averaged from 15 samples.
Semi-thin sections
The bract, tepals sepals and petals , stamens and pistil from an M. biondii flower with normal growth and development were chosen; the bud tepals were cut into 1 mm 1 mm 0.5 mm pieces. Dissected tepals and whole stamens were fixed in 2.5 paraformaldehyde-3.0 glutaraldehyde in 0.1 mol/L PBS pH 7.2 for 4 h at 4 and then washed 3 times in the same buffer, followed by post-fixation in 1 osmium tetroxide for 2 h at room temperature and 3 rinses using the same buffer. Specimens were dehydrated using a graded ethanol series and embedded in Epon812 SPI Supplies Division of Structure Probe Inc., West Chester, PA, USA . Samples were polymerized for 24 h at 40 , followed by 24 h at 60 . Specimens were cut to a thickness of 1 lm on a Leica RM2155 and stained with 0.5 toluidine blue. Sections were observed and photographed on a Leica DMLB microscope.
Volatile oil extraction
Volatile oils were extracted from M. biondii flower buds by hydrodistillation in accordance with the method in the Pharmacopoeia of the People s Republic of China and European directorate for the quality of medicine 25 . M.
biondii flower bud powder 5 g was precisely weighed, placed in a 1000-mL distillation flask, and placed in a sealed vessel along with 200 mL of distilled water and a few zeolites. The vessel was immersed for 1 h and then heated to 100 for 5 h. Afterward, the distillate was transferred to a 250-mL conical flask. Diethyl ether was used to extract the volatile compounds from the water phase 3 times. The collected diethyl ether fractions were transferred to a 250-mL conical flask, dehydrated over anhydrous sodium sulfate for 30 min, and filtered through midspeed filter paper. After most of the distillate was evaporated over a vapor bath in a fume hood, and the concentrated solution was transferred into a dried test tube. The resulting yellow volatile oil was weighed and then stored at 4 until further use. Volatile oil yields were determined in triplicate, and the results were expressed as the mean values. The percentage of the volatile oil yield was calculated as the weight of the volatile oil divided by the weight of the M. biondii flower bud powder. Analysis of variance ANOVA and plotting was performed with Origin software. P 0.05 was considered statistically significant.
GC-MS analysis
GC-MS analysis was performed on a gas chromatograph 7890A Agilent, American interfaced with a 5975C Plus mass spectrometer Agilent, American . A fused silica capillary Agilent Technology HP-5 ms 5 phenyl methyl siloxane column 30 m 0.25 mm i.d., film thickness 0.1 μm was used for the separation. The injector temperature was 150 , and the detector temperature was 250 . The initial temperature was kept at 60 for 2 min, and the temperature was gradually increased to 115 at a rate of 3 /min; next, the temperature was gradually increased to 130 at a rate of 6 /min. Then, the temperature was gradually increased to 200 at a rate of 3 /min. Finally, the temperature was gradually increased to 250 at a rate of 10 /min and was then maintained for 2 min at 250 . The linear velocity of the helium carrier gas was 1.0 mL/min at a split ratio of 10:1; EI was used as the ion source, and the ion source temperature was 230 . The sector mass analyzer was set to scan from 50 to 550 amu with a scan time of 1 s. Diluted samples 10 μg/mL were prepared using dichloromethane, and 1.0 μL of the sample was injected for analysis.
The identification of the components was performed by matching their recorded mass spectra with the standard mass spectra from the National Institute of Standards and Technology NIST05.LIB library data provided by the software of the GC-MS system, literature data, and standards of the main components. The results were also confirmed by the comparison of the elution order of the compounds with their relative retention indices determined with reference to a homologous series of normal alkanes on the HP-5 ms capillary column. Quantitative analyses of each volatile oil component expressed as an area percentage were performed by a peak area normalization measurement, which was calculated as the mean value of three injections from each sample.
RESULTS
The Growing Characteristics of Floral Organs and
Biomass of M. biondii M. biondii flower buds completely form before June, after which the flower buds elongate, enlarge and bloom .92 mm at an average growth rate of 13.27 mm/month. In conclusion, M. biondii flower buds had the lowest growth rate before blooming in summer, autumn and winter, while they quickly grew in early spring.
To determine the biomass of the flower buds, the dry weights of flower buds at different growth stages were measured. As shown in Fig. 2 , the mean dry weight of each bud was between 0.13 and 0.53 g, which first increased and then decreased during the growth of the flower buds. The highest dry weight was obtained from the buds in February of 2016 0.53 g , while the dry weight of buds with the highest growth rate was reduced to 0.43 g in March.
Oil Cell Distribution in M. biondii Flower Buds
Oil cells were commonly distributed in floral organs and were especially abundant in tepals Fig. 3b and stamens Fig. 3d , followed by the pistil Fig. 3c , but not in the bracts To reveal variations in oil cell density and the accumulation of volatile oils at different growth stages, we investigated oil cell density and volatile oil accumulation in the tepals in M. biondii flower buds. As shown in Fig. 5 and Table 1 , the oil cell density varied from 100.84 to 217.91 n/ mm 2 , first increasing and then decreasing during flower bud growth. Our observations revealed significant differences in oil cell density and the accumulation of volatile 
Chemical composition analysis of volatile oil in M.
biondii ower buds at different growth stages We analyzed the oil composition of M. biondii flower buds by GC-MS. The components identified are listed in 
DISCUSSION
The harvest time in uences the yields and compositions of essential oils
The quality of Chinese herbal medicine largely depends on the level of effective substance content, and the harvest : Data is expressed as mean SD. Bars sharing the same small letter within a line did not share significant differences at p < 0.05. GC-MS: gas chromatography-mass spectrometry; -: not detected. tr (trace): relative content < 0.1% time of Chinese herbal medicine is an important factor in determining the level of effective substance 24 . Dried flower buds of M. biondii Pamp. are the primary ingredient in Xin-yi in P.R. China, and the volatile oils of M. biondii flower buds are the primary medicinal component 25 . The volatile oil yield differs at different harvest times in Chinese herbal medicine, which is affected by a variety of factors, particularly plant growth and development internal factors and environmental conditions external factors 15 .
The volatile compounds of some plant species are largely accumulated before the organ is fully expanded. Once the blade becomes fully mature and stops expanding, the accumulation of essential oils will cease, and after this point, essential oil content decreases due to evaporation or degradation 26 . For plants such as Lemon Balm and M. zenii, the highest volatile oil yield occurs before the flowering stage, which is the best time for harvesting these Chinese herbal medicines 17, 27 . Our study revealed similar varia- Consistent with the previous literature, our study also showed that the development of plant organs has a significant effect on volatile oil yields. However, how organ development influences volatile oil yields remains unknown. Oil cells are well known as common structural features of Magnoliaceae plants 28 and are the main sites for the synthesis and accumulation of volatile oils 12, 13 . The distribution density and developmental degree of oil cells affect volatile oil yields 16, 17 . As flower bud growth progressed, the area of the tepals increased, leading decreased oil cell density in November. At the same time, volatile oils began to degrade, and volatile oil content also decreased markedly. In March of 2016, the highest percentage of oil cells 54. 10 were in the degradation stage, and oil cell density was also lower 145.41 n/mm 2 , resulting in the lowest volatile oil yield 1.45 . Thus, the distribution density of oil cells and the degree of volatile oil accumulation in oil cells can be inferred to be key determinants of the volatile oil content in flower buds. In addition, the volatile oils used in traditional Chinese medicine contain a large number of active ingredients that vary significantly with the different harvest seasons 29 .
Plants can use photosynthetic products to synthesize various secondary metabolites throughout development, and different compounds are typically synthesized at different development stages 16 . For example, among the volatile oils of Lonicera japonica Thunb., geraniol, α-terpineol and linalool reached their highest level sat the silver flowering stage, whereas linalool oxide and methyl alpha-linolenate reach their highest levels at the second white and third green stages, respectively 30 . Among the volatile oils of M. zenii flower buds, some medicinal ingredients α-pinene, terpinen-4-ol, carotol and α-cadinol and the perfume ingredients γ-muurolene and germacrene D peak during winter before flowering and spring flowering 17 .
Similarly 
The best harvest time of M. biondii ower buds
The main pharmacological components of the volatile oils in M. biondii included bornyl acetate, camphor, 1,8-cineole, citral, p-cymene, linalool, limonene, methyl eugenol, myrcene, α-pinene, β-pinene, α-terpinene, β-eudesmol and nerolidol 31 . In our study, 7 major pharmacological components, including bornyl acetate, camphor, 1,8-cineole, linalool, limonene, α-pinene and β-pinene were detected, and the total contents of these components in the 10 samples from ten growth stages were 9.64, 45. 
CONCLUSIONS
Magnolia biondii flower buds have abundant volatile oils; the yields of volatile oil first increased and later decreased with the growth of flower buds. The distribution of oil cells in the buds and the degree of accumulation of essential oils are key factors in determining the content and quality of volatile oils. In January-February of the year, Magnolia biondii flower buds have higher dry weight, volatile oil content and the total content of effective medicinal compositions, can be used as the best harvest period of herbs.
